Immediate hemodynamic improvement in patients with complete heart block occurs when the ventricular rate is increased by electrical pacing. During An oscilloscopic photographic recorder* was used for recording pressures and dye curves.
IT IS well established that most symptomatic patients with complete heart block improve clinically with cardiac pacing. There have been few studies on the acute hemodynamic changes during electrical pacing or specifically on patients in congestive failure, with respect to left-sided pressure changes or the exercise response. The present report consists of nine patients with atrioventricular block studied by right and left heart catheterization before and immediately after electrical pacing at rest and during exercise.
Material and Methods

Patients
All nine patients with atrioventricular block 64 Catheterization Pacing had elevated filling pressures in either the right or left ventricle at rest or during exercise; most of them had clinical evidence of congestive heart failure. The ages ranged from 42 to 79 years. There were four women and five men. Two patients had atrioventricular block that varied from 2:1 to complete heart block.-Seven patients had unremitting complete heart block. Patient 2 had severe aortic insufficiency. None of the patients had congenital or surgically induced heart block.
Methods
Right and left heart catheterization was performed in each patient. A bipolar electrode catheter was introduced through an antecubital vein, and the tip was positioned in the apex of the right ventricle. Arterial catheters were positioned in the left ventricle and the ascending aorta. The midchest level from the angle of Louis was used as the zero reference.
An oscilloscopic photographic recorder* was used for recording pressures (table 2) . During, pacing, the mean resting stroke volume decreased 46% (110 to 61 ml/beat); the mean exercising stroke volume decreased 27% (122 to 84 ml/beat). The increase in stroke volume from rest to exercise was greater after pacing. The mean stroke volume increased 17% in response to unpaced exercise, but, during pacing, the mean stroke volume increased 51% in response to exercise over the resting paced value.
The left ventricular end-diastolic (LVED) pressure decreased at rest in response to pacing in five of six patients in which it was measured, the mean decreasing from 16.6 mm Hg to 10.2 mm Hg. During exercise the LVED pressure was directly measured in four patients and in each there was a reduction after pacing, the mean pressure decreasing from 21.3 to 15.3 mm Hg ( fig. 1 ). The resting pulmonary artery wedge (PAW) pressure decreased consistently in response to increasing the ventricular rate, the mean pressure decreasing from 13.8 to 9.9 mm Hg. Duri-u-exercise the PAW pressure was elevated in all six of the patients studied. The exercising mean PAW pressure decreased from 18.3 mm Hg to 14.0 mm Hg with pacing ( fig. 2 ).
The mean aortic pressure increased slightly with increasing ventricular rates both at rest and during exercise, the resting mean increased from 91 13 .26 kg-m after pacing, which represented an increase in five of the seven patients studied (P < 0.095) (table 5) .
During pacing the left ventricular stroke work decreased in all patients at rest. The resting mean left ventricular stroke work decreased from 206.2 g-m/beat, to 106.7 g-m/ beat following pacing (P < 0.001). The exercising mean left ventricular stroke work decreased from 255.7 g-m/beat to 177.3 g-m/beat during pacing ( fig. 7 ).
Discussion
That patients with atrioventricular block improve clinically after electrical pacing has been apparent for years, despite relatively small changes usually seen in cardiac output.1-6 A few patients, however, may increase their cardiac output up to 50% when the heart rate is increased from the idioventricular rate to more normal levels." 3 In normal subjects, the stroke volume changes very little in response to supine exercise at increasing work loads,"' 12 while in complete heart block the stroke volume increases in response to mild exercise."' 12 In this group of patients the stroke volume increased slightly in response to modest supine exercise, but during pacing, the patients were able to increase their stroke volume by 50% in response to the same external work load. The paced exercising cardiac output increased by 32% over that of unpaced exercise at the same work load. In normal subjects the velocity of contraction and mean rate of ejection per beat increase with exercise and there is a decrease in end-diastolic volume.13 ' 14 In the present study the increase in the exercising mean rate of ejection over the resting value was greater after pacing. This suggests that during exercise, the paced myocardium is able to respond to exercise with a greater increase in the velocity of contraction than when unpaced.
One patient (no. 2) had severe aortic insufficiency and had a striking decrease in his filling pressures following pacing with no change in cardiac output or left ventricular minute work. The systolik ejection period per minute increased by 50% with pacing and hence reduced the diastolic filling period markedly.
